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Abstract – Field experiments were conducted in three successive growing seasons (2002/03 to 2004/05) at different sites within Europe. Treatments included wheat intercropped with faba bean in both replacement and additive designs, both autumn and spring sowing, and at one site, wheat intercropped with pea. Irrespective of design, sowing season, site, or grain legume used, intercropping increased the N and S concentration, and the N:S ratio in  wheat grain.  

Introduction
The rheological properties of doughs made from wheat flour, and hence the characteristics of many wheat-based products, are strongly influenced by the amount and type of storage proteins in wheat endosperms. The crude protein concentration (e.g. N x 5.7) of wheat grain is, therefore, a commonly used quality criterion for marketing wheat. Achieving sufficient N concentration in organic wheat can be a challenge in high yielding areas of Europe (Gooding et al. 1999) as it is heavily dependant on nitrogen availability, particularly during grain filling. Sulphur is also an important component of wheat proteins and provides the inter- and intra-chain disulphide bonds that help maintain gluten functionality. Thus, in the UK, loaf quality can be more closely correlated with S than with N concentration (Zhao et al. 1999). Intercropping cereals with grain legumes is known to increase the N concentration in the cereal grain (Hauggaard-Nielson et al. 2006), but little is known concerning the implications for S concentration. 
	
Materials and methods
Spring wheat: faba bean field experiments were carried out in Denmark in 2003 and 2004, Germany in 2004 and 2005 and UK​[1]​ in 2003-05. Data from winter wheat: faba bean experiments were collected from Italy (2004-05) and UK (2003-05). Winter wheat intercropped with peas was investigated in France in 2004 and 2005. Further details about these sites and the effects of treatments on the yields from these experiments are available elsewhere (Jensen et al.; Monti et al. this volume). 
Grain samples for each block x treatment x site x year were milled using a Perten Instruments Laboratory Mill 3100 with 0.8 mm screen. N and S concentrations were determined with oxidative combustion methods (LECO FP-528 and LECO SC-144DR; Leco Instruments (UK) Ltd., Stockport). 

Results
Spring wheat with faba bean
N and S concentration in the wheat grain were increased by intercropping additively or by reducing the seed rate of wheat and bean by 50%, particularly in Germany (Table 1). N concentration was favoured more by intercropping than was S, such that adding beans increased N:S ratio at all sites. In the UK in the replacement design (Fig. 1), N and S concentration declined exponentially to an asymptote as the rate of wheat inclusion increased, but the N:S ratio declined linearly. The effects of intercropping occurred irrespective of whether the beans were added to, or replaced the wheat (Table 2).

Winter wheat with faba bean or pea
In the UK replacement design, N and S concentrations, and N:S ratio of the winter wheat grain increased linearly with rate of faba bean addition. In Italy (Table 3) intercropping with additive designs also increased N and S concentration and N:S ratio. In France intercropping winter wheat with winter pea resulted in a very large reduction in wheat yield (Table 4) and increased concentration of N and S in the wheat grain.

Discussion
We confirm that intercropping cereals with grain legumes can increase the cereal grain N concentration (Hauggaard-Nielsen (​http:​/​​/​wos.isiknowledge.com​/​CIW.cgi?SID=X1BbBNha5lFEnFi9J4m&Func=OneClickSearch&field=AU&val=Hauggaard-Nielsen+H&curr_doc=3​/​3&Form=FullRecordPage&doc=3​/​3" \o "one-click search​) 2006), and demonstrate that similar effects occur on S concentration. N concentration may increase because the legume competes poorly for nitrogen below ground due to N fixation, but still competes for light above ground. The former process cannot be invoked for S but the interlinkages between N and S uptake and metabolism within plants may explain the commonality in effects of intercropping on N and S. We also show, however, that intercropping is consistently, more beneficial to N, than to S such that N:S ratio increases. Despite this, intercropping improved loaf quality (data not presented).

Table 1. The effect of intercropping and location on composition of spring wheat (W) intercropped with faba bean (B). Predicted means from a residual maximum likelihood analysis of two different but overlapping years from each site.

















Table 2. The effect of seed rate and intercropping with faba bean (B) on the composition of spring wheat (W). Mean data from Denmark and Germany, 2003 and ‘04.







Table 3. The effect of intercropping with faba bean (B) on the composition of winter wheat (W) in Italy, 2004 and `05.







Table 4. The effect of intercropping with pea (P) on the composition of winter wheat (W), France, 2004 and `05.






a numbers denote percentage of  sole cropped seed rate
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Figure 2. The effect of seed rate in a replacement design with field beans on winter wheat quality in the UK 2003 (●), 2004 (■) and 2005 (▲). Vertical bars are S.E.D. for points within years; left to right for the successive years, 9 d.f.
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